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Polyethylene Elastomer 



We, Esso Research and Engineering 
Company, a Corporation duly organised and 
existing under the laws of the State of Dela- 
ware, United States of America, of Elizabeth, 
5 New Jersey, United States of America,, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the follow- 
10 ing statement : — 

The present invention relates to the pre- 
paration of elastomeric halogenated polyethyl- 
ene and in particular relates to the preparation 
of elastomeric halogenated polyethylene which 
15 Is curable with conventional curing agents. 

The preparation of synthetic rubber by cur- 
ing chloro-sulfonated polyethylene is known to 
the art. However, chloro-sulfonated polyethyl- 
ene is saturated and contains both — 5>0 2 Cl 
20 and — Q groups attached to the hydrocarbon 
chains. Curing is effected through the — S0 2 C1 
groups since most of the — -CI groups are 
located on secondary carbon atoms and there- 
fore have a low order of reactivity. Elastomeric 
25 chlorinated polyethylenes are known to the art 
but they contain little unsaturartion and the 
chlorine atoms contained therein are insuffi- 
dendy labile for effective curing. However, 
other chlorinated polyethylenes which are also 
30 unsaturated are known to the art, but these 
materials are not rubbery, and while they can 
be cured, the products obtained are in the 
range of flexible leathery materials to hard 
plastics. No elastomeric halogenated poly- 
35 ethylene which can be cured with conventional 
curing agents to producing synthetic rubber 
is known to the art. 

It has now been found that halogenating 
polyethylene having for instance a molecular 
40 weight in the range of 50,000 to 5,000,000 
and a density in the ranga of 0.92 to 0.96 in 
an aromatic diluent under certain conditions 
produces an elastomeric halogenated poly- 
ethylene curable to a synthetic rubber. The 
45 halogenated polyethylene prepared according 
[Price 4s. 6d.] 

Btice 5s. at 



to this invention has (1) sufficient xmsatura- 
tion to be curable with sulfur, (2) labile halo- 
gen atoms attached directly to polymer carbon 
atoms through which it can also be cured 
with curing agents such as metal salts aad di- 50 
functional compounds such as diamines, and 
(3) a sufficient number of halogen atoms that 
it contains substantially no residual crystal- 
linity. The synthetic rubber produced has 
very good ozone resistance, tensile properties, 55 
and resiliency. 

To this end, the invention provides the 
process for preparing elastomeric polyethylene, 
comprising the steps of (1) dissolving poly- 
ethylene in an inert aromatic diluent, (2) in- 60 
trodudng a halogenating agent consisting of 
or containing cMorine or bromine, into the 
resultant solution; at a temperature in the range 
60 — 170° C. to produce a halogenated poly- 
ethylene containing from 25 to 65 wt. i%* of 6*5 
halogen, and having sufficient unsaturation to 
be cured by sulfur and sufficient halogen so 
that there is substantially no residual 
crystallinity. 

The elastomeric halogenated polyethyiens 70 
prepared by the novel process of the invention 
must contain sufficient unsaturation to be easily 
cured by sulfur and sufficient halogen to sub- 
stantially entirely disrupt polyethylene 
crystallinity as determined by x-ray studies so 75 
that essentially no residual crystallinity remains 
in the halogenated polyethylene. The residual 
unsaturation is usually in the range of 0.3 
to 6.0, particularly 1.0 to 3.0 mole 1%. The 
x-ray diffraction must record less than 5%l 80 
crystallinity, preferably less than 1%. The 
quantity of halogen introduced into the poly- 
ethylene sufficient to substantially completely 
disrupt crystallinity depends on the halogen 
introduced. When the halogen is chlorine, the 85 
chlorine content is in the range of 25 to 65 
wr, ■%, preferably from 27 to 35 wt, 1% and 
when bromine is introduced, the halogenated 
polyethylene contains from about 40 to 60 wL 
% bromine, preferably from 45 to 55 wt %. 90 
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The molecular weight of tie elastomeric halo- 
genated polyethylene is in the range of about 
20,000 to 1,000,000. It must be understood 
that the quantity of halogen introduced into 
the polyethylene to substantially completely 
disrupt crystallinity depends on the particular 
polyethylene chosen for the halogenation pro- 
cess. For example, the so-called "high pres- 
sure" polyethylene will require slightly less 
halogen than the more linear so-called "low 
pressure " poiyethylenes, such as those de- 
veloped by Ziegler, Standard of Indiana, and 
Phillips. When the term "substantially no 
residual crystallinity" is used in the speci- 
fication and claims it is to be understood to 
refer tp a crystallinity of less than 5:% as 
determined by the x-ray diffraction method. 
The^ halogenated elastomeric polyethylene of 
the invention may hi prepared by dissolving 
or slurrying the polyethylene in an aromatic 
diluent and introducing the halogenating agent 
into the resultant solution or slurry under con- 
ditions adapted to produce elasronreric 'halo- 
genated polyethylene having the above stated 
properties. 

The aromatic hydrocarbon dflutent for the 
halogenation reaction must be one which is 
substantially inert, Le. unreactive to chlorine 
or bromine under the halogenation conditions 



mospheric to about 25 atmospheres can be 
used. However, pressures above atmospheric 
are required only when the desired halogena- 
tion temperature exceeds the boiling point of 
the solution at atmospheric pressure. The use 
of ultraviolet light in the process of tins in- 
vention is not necessary. Halogenation rates 
are sufficiently rapid in the absence of ultra- 
violet light. Additionally, when ultraviolet light 
is used in the chlorination of polyethylene 
winch is slurried in the aromatic diluent, a 
resinous product is obtained rather than a 
rubber. In -general, the quantity of halogenat- 
ing agent is chosen to produce from about 2 
tn 10 times the amount of halogen that re- 
acts with the polyethylene. The halogenaring 
agent can be added all at once at the be- 
ginning of the reaction but preferably it is 
added continuously or mtermattently during 
the course of the reaction. 

The halogenated polyethylene is isolated 
from the halogenation reaction mixture by 
precipitating it by the addition of from 0.5 
to 5, preferably from 1 to 2 volumes of an 
alcohol or a tetone to the reaction mixture 
(based on the volume of reaction mixture). 
The alcohol is chosen from aliphatic alcohols 
having from 1 to 4 carbon atoms per moie- 
cufe and is preferably methanol; and the 
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and in which the resulting halogenated poly- ketone is chosen from ketones containing from 
ethylene is solubfe. Aromatic diluents such as 3 to 8 carbon atoms per molecule, and is pre- 
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benzene, chlorobenzene, and polychlorobenzene 
are particularly suitable for use in the present 
invention with chlorobenzene preferred. How- 
ever, other aromatic diluents can be utilized 
such as rluorobenzene, bromobenzene, beuzo- 
trifluoride and nitrobenzene. 

The temperature of chlorination sufficient 
to produce the elastomeric halogenated poly- 
ethylene will depend on the halogen being in- 
troduced and on the activity of ths balogenat- 
ing agent. It must be high enough to obtain 
the desired degree of unsaturation and per- 
cent halogen content and low enough to pre- 
vent undesirable side reactions such, as cross- 
linking and substantial breakdown. For chlorine 
introduction, the temperature is generally in 
the range of about 60 to 170° C, preferably 
80 to 120° C For bromine introduction, the 
temperature is generally in ths range of 60 to 
130° G, preferably 70 to 110° C. The halo- 
genatmg agents which attach halogen atoms 
directly to polymer carbon atoms are chlorine, 
bromine, dicnloro dimsthylhydantoin, N- 
bromosuccrnimide and the like with chlorine 
preferred. SulfocUorinating agents such as 
S0 2 Q £ and agents such as phosgene which 
attach — COQ groups to the polymer carbon 
atoms are not useful in the present invention. 
Reaction times are from about one minute 
to one hour, and the particular time chosen 
will depend on the temperature of halogena- 
tion, the halogenaring agent employed, the 
concentration of polymer and the concentration 
of halogenating agent Pressures of from at- 



ferably acetone. 

Alternatively, the halogenated polyethylene 
can be isolated by washing the reaction mix- 
ture with water followed by removal of most 
of the diluent by steam stripping. With this 
technique, from 1 to 5 volumes of water based 
on the volume of reaction mixture is used 
to wash the reaction mixture and thereafter 
the inert aromatic diluent is steam stripped 
off, leaving the 'halogenated polyethylene as 
a slurry in water. The slurry is then filtered, 
and tlK precipitated product dried in con- 
ventional drying equipment, such as tunnel 
driers^ tray driers, and degassing dewatering 
extruders. 

A preferred process for obtaining the 'elas- 
tomeric halogenated polyethylene of the inven- 
tion comprises the steps of (1) carrying out 
ths polymerization of ethylene in contact with 
a low-pressure polymerization catalyst in an 
aromatic diluent, (2) preferably inactivating 
oi removing the polymerization catalyst, (3) 
treating the polymerization mixture with a 
halogenaring agent, and (4) isolating the re- 
sulting halogenated polyethylene. When this 
technique is used, a low-pressure polymeriza- 
tion catalyst is chosen to produce polyethylene 
having at molecular weight in the range of 
50,000 to 5,000,000, preferably 100,000 to 
1,000,000 and a density in the range of 0.92 
to 0.96. Any low-pressure polymerization 
catalyst which yields polyethylene having these 
characteristics in the aromatic diluents of the 
invention can be used in this preferred pro- 
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cess. A mixture of a reducible heavy transition 
metal compound of Group IVA, VA, VIA, or 
VIII and an organo-metallic compound of a 
metal of Groups II or HI can be employed, 
such as for example TiCU + AlEta. The pro- 
portions of reducible heavy transition metal 
compound to organo-nretallic compound are 
chosen to give polyethylene of the required 
molecular weight and density. Generally from 
0.1 to 3 moles of reducible heavy metal com- 
pound is used per mole of organo-metallic 
compound. The reducible transition metal 
compound is preferably a titanium; or zir- 
conium halide such as titanium tri- or tetra- 
chloride. The organo-metallic compound is 
preferably an aluminum aikyl such as triethyl 
aluminum and diethyialuminum chloride. The 
invention does not lie in the particular catalyst 
employed and any catalyst which produces 
the desired polyethylene can be used. Many 
catalyst combinations which will produce the 
desired polyethylene are known no the art 

The polymerization of ethylene in an inert 
aromatic diluent can advantageously be carried 
out by using one of the above catalyst mix- 
tures at temperatures ranging from about 0 
to 110° C. and at pressures ranging from at- 



usually unnecessary. When the catalyst is a 
mixture of a reducible transition metal com- 
pound and an organo-metallic compound^ the 
catalyst inactivator is a compound containing 
an OH group, such as steam, water and lower 
aliphatic alcohols having from 1 to 5 carbon 
atoms per molecule, preferably methanol; or 
a chelating agent, such as ketones and 2,3- 
and 2,4-diketones. Water and steam are pre- 
ferred. A mixture of any of the above catalyst 
inactivators can also be used. When the term 
" inactivate " is used henceforth in tte speci- 
fication and claims it is to be understood to 
include physical removal. The above mixture 
containing polyethylene is then; used in the 
halogenation reaction as above described. 

After the halogenation step the haiogenated 
polyethylene can be isolated by any convenient 
procedure such as those given above. However, 
another isolation technique for isolating the 
haiogenated polyethylene can be employed and 
is preferred where inactivated catalyst is 
allowed to remain in the aromatic diluent 
during the halogenation step. This technique 
involves the addition? of a small quantity ie. 
from 1 to 8 mole of catalyst of a chelating 
agent such as acetyiacetone to solubilize the 
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mospheric to about 15 atmospheres. The poly- catalyst residues. Thereafter a <i to Q alipha- 



menzation as permitted to proceed until the 
30 concentration of polyethylene in the aromatic 
diluent is from about 10 to 180 grams per 
liter. 

The polymerization reaction mixture 
obtained by the above polymerization process 

35 or by another process is then utilized for the 
halogenation step without isolating the poly- 
ethylene contained therein. Unreacted olefins 
can be purged prior to halogenation by passing 
an inert gas such as nitrogen through the 

40 reaction mixture. It is then; highly preferred to 
inactivate or physically remove the catalyst. 
The halogenation step can be carried out with- 
out inactivating or removing the catalyst but 
in general low halogenation reaction rates and 

45 a gelled halogenation product result. Tie 
catalyst can be removed by physical removal 
such as filtration if the catalyst is insoluble in 
the aromatic diluent Alternatively, the catalyst 
can be removed by treating the reaction mix- 

50 ture with about an equal volume of water 
with stirring, allowing the resulting mixture 
to settle in a water layer and in an inert sol- 
vent layer, and removing the water layer. This 
water treatment is repeated until a large part 

55 of ths polymerization catalyst is removed from 
the reaction mixture. Alternatively and prefer- 
ably, a catalyst inactivator can be added to 
the reaction mixture in amounts ranging from 
1 to 30 times the amount necessary for in- 

60 activation. The inactivated catalyst is there- 
after allowed to remain in the reaction mix- 
ture. The catalyst inactivator can be chosen 
with a boiling point below the halogenation 
temperature to allow for easy removal, al- 
65 though removal of excess catalyst inactivator is 



tic alcohol is added to precipitate the haio- 
genated polyethylene substantially frefe of 
catalyst residues. 

The isolated elastomeric haiogenated poly- 
ethylene can then be cured with conventional 
curing agents, such as sulfur-zinc oxide mix- 
tures to form synthetic rubbers having good to 
excellent mechanical, dynamic and chemical 
properties. Since the haiogenated polyethylene 
of the invention contains both unsaturation' and 
relatively active chlorine groups, a combina- 
tion of (1) a curing agent which cures through 
halogen groups and (2) a curing agent which 
cures through unsaturation is used Alterna- 
tively, free radical producing substances can? 
be used alone, such as dicumyl peroxide or 
2,5-bis(tm-butylperoxy) - 2>5-^umethyihexane. 
Also, combinations of free radical producing 
substances with either a curing agent which 
cures through halogen groups or a curing agent 
which cures through unsaturation, or both can 
be used. For example, dicumyl peroxide plus 
sulfur or zinc oxide or both can be used 
From 0.5 to 15, preferably from 2 
to 8 parts by weight of the halogen 
group-curing agent is used per 100 parts of 
haiogenated polyethylene and from 0.5 to 10 
parts, preferably from 1 to 7 parts by weight 
of the unsaturation-airing agent is used per 
100 parts of haiogenated polyethylene except 
when dimethylol phenol resins are used as the 
umaturation-curing agents. When these resins 
are used, they are used in the proportion of 
from 5 to 15 parts by weight per 100 parts 
of haiogenated polyethylene. Curing agents 
adapted to cure through halogen groups in- 
clude metal oxides, metal sate, metal powders 
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amine and poiyamines. In general, the metal 
components of the metal salts, metal oxides 
and metal powders are chosen from Groups 
HA and HB of the Periodic Table and copper 
5 and iron. Particularly useful are the metal 
oxides, sulfides, nitrates, phosphates, sulfates, 
and organic acid salts of zinc, cadmium, man- 
ganese, iron and lead. When amines and poly- 
amines are used in the curing mixture, they 
10 are chosen from any diamine, triamine and 
high polyamine having one or more of the 
following types of amino groups, (a) substi- 
tuted amino groups, (b) monosubstituted amino 
groups, (c) disubstituted amino groups, and 
15 (d) heterocyclic amino groups such as pyridine. 
Thfc substrtuents on the mono, and di-substi- 
tuted amino groups are one or more alkyi, 
aryi, and heterocyclic groups. 
The components of the curing mixture use- 
20 f ul for curing through unsaturation include 
sulfur, resins such as dimethylol phenol resins 
and halogsnated dimethylol phenol resins, and 
quinone dioxime and its derivatives. Either the 
halogen group-curing agent or the unsatura- 
25 tion-curing agent can be used alone to effect 
partial curing, and this is within the broader 
scope of the invention^ but the use of either 
type of curing agent is not to be considered 
as equivalent to the use of a combination of 
30 these curing agents, since in general much 
poorer properties are obtained for the syn- 
thetic rubbers when only one type of curing 
agent is used. 
When dicumyl peroxide is used as the cur- 
35 ing agent, from 0.1 to 10 parts by weight, 
preferably 0.5 to 4.0 parts by weight per 
100 parts of chlorinated polymer is employed. 

Inert fillers such as carbon blades, silica, 
mica and others of like nature can be added 
40 to the curing mixtures in amounts of from 
5 to 150 parts by weight, preferably about 
50 parts per 100 parts of halogenatsd poly- 
mer. Any type of carbon black can be used, 
such as channel blacks, furnace blacks, acetyl- 
45 ene blacks, lamp blacks, and the like. How- 
ever, when dicumyl pexoxde is used as a curing 
agent a neutral or basic carbon black is re- 
quired such as the furnace blacks. 
A small quantity, i.e. from 0.1 to 8%, pre- 
50 ferably from 0.5 to 3% of a conventional 
rubber accelerator, for example tetramethyl- 
thiuram disulfide, benzpthiazyl mono- and 
disulfide, 2-mercapto-benzotiua2:ole^ N-cyclo- 
hexylbenzothiazQle-2-sulfenamide, selenium 
55 dkthyl dithiocaibamate disulfide, and zinc 
butylxanthate can also be added with the filler. 
Mixtures of rubber accelerators can also be 
used. Additionally, antioxidants can be added 
when desired, such as for example secondary 
60 aromatic amines and phenols, e.g., phenyi- 
beta-naphthyiamine, N^P-cfi-beta-naphthyl-p- 
phenylene-diamines, aldol - alpha - naphtbyl- 
amine, 2^,4-trimethyl^l^dihydroqiiinolire, 
hydroquinonc monobenzyl ether, and 2,2*- 
65 methyiene-bis (4-methyl-6-tert . butylphenol). 



From 0.01 to 10%, preferably 0.1 to 2% of 
antioxidant can be used* When qumone di- 
oxime or its derivatives are used, it is ad- 
vantageous to include from 5 to 15 parts by 
weight of an oxidizing agent such as red lead 70 
in the curing mixture rather than an anti- 
oxidant. It should be noted that all anti- 
oxidants cannot be used with dicumyl perox- 
ide. However, certain antioxidants, such as 
hydroquinonc monobenzyl ether that do not re- 75 
act rapidly with dicumyl peroxide at curing 
temperatures can be employed. 
. Oils derived from coal tar, pine tar and/or 
petroleum can be added to the 
if desired and from 2 to 30 parts preferably 80 
5 to 15 parts by weight of oil per 100 parts 
of chlorinated polymer can be employed to 
serve as extenders;, softening agents or tacMfy- 
ing agents. 

The reaction between the halogenated poly- 85 
ethylene and the curing agent is earned out 
by mixing the chlorinated polymer and the 
curing agent on a rubber mill and heating the 
resulting mixture in a standard rubber press 
in the range of from 225° F. to 350° F., pre- 90 
ferably 280° F. to 315° F. and more pre- 
ferably about 310° F. until curing is effected 
Fillers, rubber accelerators and antioxidants 
are added with the curing agent mixture as 
desired. The mixing is carried out on a rubber 95 
mill followed by heating the resulting mixture 
to reaction temperature in a standard rubber 
press or other conventional rubber curing 
equipment. The mixing can also be carried out 
in other rubber compounding equipment, such 100 
as Banbury mixers and kneaders. 

The cured halogenated polyethylene of the 
invention has outstanding tensile properties, 
good dynamic properties at temperatures be- 
tween 0° to 70° C, and excellent ozone re- 105 
sistance. They are useful wherever a good 
general purpose elastomer is required, such as 
motor mounts, hoses, gaskets and the like. 
These polymers are useful in applications 
where chemical inertness, solvent resistance and 110 
stability is required. 

The invention will be understood more 
clearly from the following ^vnmpl^ wherein 
it is to be understood that the term ''Examples" 
includes embodiments not according to the 115 
invention, but which are included for compara- 
tive purposes. 

Examples 1 to 11. 
Polyethylene, which had been prepared with 
an AffitsCi/TiCU catalyst and which, had the 120 
properties shown in Table I, was dissolved 
in chlorobenzene to a concentration of 50 g./l. 
at a temperature of 110% 120° C. Chlorine gas 
was bubbled through the hot solution until the 
desired amount of chlorine had been intro- 125 
duced. After chlorination, the chlorinated poly- 
ethylene was isolated by precipitation with 
isopropyl alcohol (one liter of isopropyi alcohol 
per liter of solution). The precipitated chlor- 
inated polyethylene was washed several times 130 
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with isopropyl alcohol in a Waring blender, Full details on the chlorinaiion and the 
filtered and then dried in a vacuum oven at properties of the chlorinated polvethylenes are 5 
50-60° C. given in Table I. 7 
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(a) In tctralin at 125° G at a concentration of 1 g./L 

(b) Determined from a toluene solution viscosity at 25° C at a concentration of 1 g./L 

(c) Assuming c hlorin a t ed polyethylene is a copolymer of vinyl chloride and ethylene. 
Calculated from the expression Mole %, Unsaturation = 

[moles IJ (2/3 )(100%) 

moles vinyl chloride 
+ moles ethylene 

(d) Dietert method. 

(e) Via x-ray analysis. 

(f ) ASTM D 412. 

(g) ASTM D 1043. 

(h) By titration. 

(i) Not completely soluble in tetralin at 125° G at a concentration of 1 g./L 
(J) Temperature at which the polymer begins to precipitate from solution, 
(k) From a 200 Watt Westinghouse Sun Lamp. 

(1) In CCU at 25° C with I 8 . 

(m) Molecular weight calculated from the Inherent Visocsity by means of the "Harris" 
correlation. (Joutn of Polymer Science No. 8 page 361 — 1952). 

It can be seen from the above table that 4.5 mole % unsaturation. 

chlorinated polyethylenes were obtained which The densities of the chlorinated polyethyl- 25 

contained from 13.0 to 45.8% chlorine by enes increased linearly with increasing chlorine 

5 weight The polymers containing 23.2% or content. Both the tensile properties and the 

tess chlorine still contained some crystaiiinity apparent moduli of elasticity of the chlorinated 

as determined by x-ray analysis and were not polyethylenes showed a 1 minimum between 

according to the invention. Those containing . chlorine levels of 25% and 35%. 30 

above 34.5% chlorine were amorphous by x- The chlorinated polyethylenes containing 

10 rays. Although no x-ray data were obtained more than 27% chlorine are normally white, 

on chlorinated polyethylene containing between robbery products which are rather easily 

23.2% chlorine and 34.5% chlorine, data handled on rubber mills. 

obtained on the vulcanizate properties showed These examples show that rubbery, amor- 35 

that the chlorinated polyethylenes behaved as phous, substantially non-cross-linked polyethyl- 

15 rubbers only when they contained at least 27% entes containing unsaturation appreciably hi gher 

chlorine. ^ than the starting polyethylene cam be obtained 

The chlorinated polyethylenes contained un- by chlorination in halogenated diluents at tem- 

saturation appreciably greater than the starting peratures of 110—125° C 40 

polyethylene, as shown from iodine numbers Example 12. 

20 on these polymers. If the chlorinated polyethyi- The rubbery chlorinated polyethylenes 

ene is assumed to be a copolymer of vinyl obtained in Examples 5, 6, 7, and 8 were 

chloride and ethylene, then chlorinated poly- compounded on a "cool rubber mill according 

ethylenes were obtained having as much as to Recipe A. 45 
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Recipe A 

Ingredient Parts by Weight 

Polymer 100 

Sulfur 2 

Tetramethylthiuram Disulfide 1 

Benzothiazyl Disulfide 1 

Zinc Oxide 5 



The compounded stocks were cured at 250° of the gum vulcanizates are given in Table 
280° F.> and 308° P. The ttnsifc properties IL 5 



Table n* 



Example 


5 


7 


6 


8 


Chlorine Content, Wt % 


28.0 


34.5 


30.0 


34.9 


Curing Temperature, °F. 
Caring Time, Min. 


250 
15 


250 
45 


250 
15 




Tensile Strength, psL 
Elongation, % 
300% Modulus, psL 


2200 
1110 
130 


3900 
670 
440 


3100 
550 
420 




Curing Temperature, °F. 
Curing Time, Min. 


280 
30 


280 
30 


280 
30 


280 
30 


Tensile Strength, psL 
Elongation, % 
300% Modulus, psL 


4410 
720 
180 


830 
150 


610 
130 


4060 
630 
154 


Curing Temperature, °F. 
Curing Time, Min. 


308 
45 


308 
30 


308 
45 


308 
15 


Tensile Strength, psL 
Elongation, % 
300% Modulus, psi. 


880 
170 


. 670 
90. 


Over 
Cured 


1220 
240 



* Data obtained on microdumbbells — ASTM D 412. 



899397 9 

The tensile properties data given in Tahte with tensile strengths of 4000 psi and greater 

II show that chlorinated polyethyienes pre- are readily obtained, 
pared according to the process of this inven- Example 13. 

tion* are readily cured with conventional rubber The rubbery chlorinated polyethyienes of 

5 recipes to yulcanizates with outstanding ten- Examples 8, 9, 10, and 11 were compounded 

sile properties. Curing temperature as low as on a cool rubber mill according to the foliow- 

250° F. are very effective. Gum vulcanizat&s ing recipes. 

Recipe B 



Ingredients Parts by Weight 

?f£jiner 100 

ScmirReinforcing Furnace Black 50 

m-Phenylenediamine 3 

Recipe C: 

Polymer 100 

Semi-Reinforcing Furnace Black 50 

15 Zinc Oxide 5 

Recipe D: 

Polymer 100 

Semi-Reinforcing Furnace Black 50 

Sulfur 2 

Tetramcthyithiuram Disulfide 1 

Benzothiazyl Bisulfide 1 

Recipe E: 

Polymer 100 

Semi-Reinforcing Furnace Black 50 

Sulfur 2 

Tetrame&yithiuram Disulfide 1 

Benzothiazyl Disulfide 1 

Zinc Oxide 5 



The compounded stocks were press cured the reinforced filter vulcanizates are given in 
15 minutes and 30 minutes at 280° F. and 45 Table HI. 20 
minutes at 308° F. The tmwi> properties of 
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20 



It can be seen from Table VI that the pro- 
ducts obtained contained 17.1%, 26.5%, 
31.6% 42.4% and 54.1% chlorine by weight 
All of these products were tough and horny 
and were not in the least rubbery even though 
four of these products contained sufficient 
chlorine to disrupt polyethylene crystallinity 
entirely. 

These products were not cross-linked as 
evidenced by their complete solubility in tetra- 
lin at 125° C at a concentration of 1 g./L 
In fact, the product containing 54.1% chlorine 
was almost totally soluble in toluene (under 
the conditions of a toluene solution viscosity 
test, i.e. two days of room temperature tumb- 
ling of 1 g. of polymer per liter of toluene). 

These examples show that whereas ultra- 
violet light accelerates chlorination and still 
gives rubbery products when the polyethylene 
is chlorinated in solution, ultraviolet light ad- 
versely affects the slurry dtriorination of poly- 
ethylene. Although the products obtained are 



not cross-linked, they are nevertheless 
rubbers. 



not 



Examples 20 to 22. 25 
In these examples 50 g. of the polyethylene 
of Example 1 were slurried in chlorobenzene 
at 80—90° C at a concentration of 50 g./L 
Chlorine gas was bubbled through the slurry 
in the absence of ultraviolet light until the 30 
desired amount of chlorine had been added 
The products were isolated as in Examples 
1 to 11. Details of the chlorination! and pro- 
perties of the products obtained are also given 
in Table VI. It can be seen that the products 35 
obtained contained 252%, 30.6% and 47.4% 
chlorine, respectively, and all were rubtery. 

The products from Examples 21 and 22 
were compounded on a cool rubber mill accord- 
ing to Recipe A, and the compounded stocks 40 
were cured 30 minutes at 280° F. and 45 
minutes at 309° C. Hie tensile properties of 
the gum vulcanizates are given in Table VII. 





Table VII 




Example 


21 


22 


Wt % Chlorine 


30.6 


47.4 


Cure Conditions 


307280°F. 45'/309°F. 


30'/280°F. 45 / /309°F. 


Tensile Strength, psi. 


3630 1120 


2960 730 


Elongation, % 


800 160 


320 50 


300% Modulus, psi 


100 — 


2280 — 



45 It can be seen that the products prepared 
in chlorobenzene slurry in the absence of ultra- 
violet light are readily curable with sulfur- 
metal oxide recipes. Additionally, the tensile 
properties of the vulcanizates are outstanding. 

50 Also, Examples 15 through 22 show that rub- 
bery, curable chlorinated polyethylenes can be 
prepared in aromatic diluents when the poly- 
ethylene is slurried but only in the absence of 
ultraviolet light As was shown m Examples 

55 15 through 19 resinous products only are pro- 
duced in the presence of ultraviolet light 

Example 23. 
50 g. of polyethylene (prepared with an 
AlEtzCi/TiO, catalyst) with an intrinsic 

60 viscosity of 4.7 was dissolved in o-dichloro- 
benzene at a temperature of 170° G Over a 
period of 30 minutes, 55 g. of chlorine was 
bubbled through the hot solution at 168 — 
174° C After isolating the chlorinated poly- 

65 ethylene in the usual manner, it was found to 
contain 10.1% chlorine by weight Full details 
on preparation and properties of this chlorin- 



ated polyethylene are given in Table VIE. 

This example shows the use of o-dichloro- 
benzene as a diluent in the preparation of 70 
chlorinated polyethylenes. It further illus- 
trates the use of higher cHorinatmg tempera- 
tures, i£. 165—175° C. 

Examples 24 to 29. 

In these examples the higher molecular 75 
weight polyethylenes of Example 23 was dis- 
solved in chlorobenzene at 110 — 120° C. at a 
concentration of 20 g./L (except for Example 
24 where the concentration was 15 g./L)- 
GjJorine was passed into the hot solutions in 80 
the absence of ultraviolet light until the de- 
sired amount of chlorine had been introduced. 
The products were isolated in the usual manner. 
Prochicts containing 27.5%, 31.4%, 38.9%, 
442%, 47.7% and 62.1% chlorine were 85 
obtained. All of the products were rubbery. 

Full details on the preparation and pro- 
perties of the products are given in Table 
Vffl. 
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As the data in Table IX show, gam vul- 
canizates with tensile strengths exceeding 6000 
psi are obtainable. Hie cure temperature re- 
quired varies with chlorine content but tem- 
peratures as low as 250° F. arc adequate; 

Example 30. 

In 3 liters of chloxobenzene were dissolved 
45 g. of a polyethylene of molecular weight 
1,200,000 at 110—120° C Into tfe hot solu- 
tion at 112-120° C. in the absence of ultra- 
violet light were passed 92 g, of chlorine over 
a period of 60 minutes. The product was 
worked up in the usual manner. 

The chlorinated polyethylene was a rubbery, 
white product; It contained 30.7% chlorine by 
weight, an iodine number of 1.5 eg. I 2 /g. 
polymer, a density of 1.093 g./cc. and an 
apparent modulus of elasticity at —50° C 

Example 



of 116,000 psL 

This example illustrates that starting poly- 
ethylenes with molecular weights over one mil- 
lion can be used according to the process of 
this invention to produce rubbery, curable 
chlorinated poiyethylenes. 

Example 31. 
The chlorinated poiyethylenes from Ex- 
amples 6, 8, 25, 26 and 28 were compounded 

aCC S g J° * Redpe A *** cur ^ d 20 minutes 
at 280° F. A natural rubber (smoked sheet) 
vulcanizate control was also obtained for com- 
parison purposes. The resilience of these poly- 
mer vulcanizates was measured with a Good- 
year-Healy rebound pendulum at room tem- 
perature. The % rebounds and hardness of the 
vulcanizates were as follows : 



Wt. % Chlorine % Rebound Shore Hardness 



6 


30.0 


70.6 


55 


7 


34.9 


68.9 




24 


27.5 


75 


50 


27 


44.2 


75 


54 


29 


30.7 


81 


54 


Natural Rubber 




76 


32 



20 



25 



30 



35 



This illustrates that chlorinated polyethylene 
gum vulcamzates car* be even more resilient 
than those of natural rubber and are generally 
40 harder than those of natural rubber. 

Using a Goodyear-Healy rebound pendulum 



the effect of temperature on tte resilience of 
gum vulcanizate of the chlorinated poly- 
ethylene from Example 8 was toermined. A 
natural rubber gum vulcanizate control was 45 
made. The results were as follows: 
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Natural Rubber Chlorinated Polyethylene of Example 8 



Temp., °Q 


% Rebound 


Temp., °C' 


% Rebound 


-57 


17.2 


-37 


30.3 


-44 


16.9 


-15 


30. 3 


-35 


19.4 


0 


45.6 


-26 


37.3 


10 


56.4 


-13 


62.5 


20 


65.7 


0 


68.1 


. 24 


68.1 


25 


75.8 


27 


68.9 


34 


75.8 


30 


70.6 


45 


76.6 


45 


68.9 


50. 


77.5 


61 


66.5 


60 


78.4 


81 


66.5 


75 


79.3 


100 


64.8 


88 


80.2 






100 


81.0 







These data show an mteresting unique pro- creasing temperature. The reason for this, as 

perty for chlorinated polyethyienes prepared shown in the following example, is that the 10 

according to the process of tins invention, haemal viscosity of the system increases with; 

5 Whereas natural and synthetic rubbers have (increasing temperature. Since relative damping 

increasing resiliency with increasing tempera- (which is related to resiliency) is related to the 

tore, chlorinated polyethylene exhibits tie dynamic modulus (K) and the internal viscosity 

phenomenon of decreasing resiliency with in- (^according to the expression. 15 

1 

— a Relative Damping =200; 

Resiliency 

1+ K 

at 280° F. A natural rubber gum vulcanizajc 
was made also for purposes of comparison. 

The dynamic properties of this chlorinated 25 
polyethylene and natural robber were obtained 
at various temperatures by means of a modi- 
fied Yerzley Oscillograph. The results are 
given in Table X. 



it follows that an increase in i?f will mean a 
decrease in resiliency. 

Example 32. 
20 A gum vulcanizate of the chlorinated polye- 
thylene from Example 30 was obtained 
according to Recipe A and curing 20 minutes 
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Table X 

Effect of Temperature on Dynamic Properties of Chlorinated Polyethylene 

c (Example 30) and Natural Rubber Gam Vukanizates 

Dynamic Modulus (K) Chlorinated 

(Megadynes/cm 2 ) Natural Rubber (a). . Polyethylene (Ex. 30) (b) 

-11° C iil — 

0° G 30.4 120.4 

10° G 26.6 72.3 

20° C. 26.1 71.1 

30° G — 76.0 

40° C 25.5 78.2 

50° G 24.5 — 

65° G — 84.4 

Tjf (Kflopcdscs x CPS) 

-11° G ~ 755 — 

0° G 577 4844 

10° G 459 826 

20\C 341 634 

30° C. — 659 

40° C 295 782 

50° G 254 — 

65° G — 1445 

Relative Damping, % 



-11° C 16.5 — 

0° G 14.1 27.7 

10° G 12.9 8.7 

20° C 9.9 6.9 

30° C — . 6.7 

40° C 8.9 7.7 

50° C 8.0 — 

65° C. — 12.8 

Frequencies (CPS) 

-11° C 3.60 . — 

0° G 3.43 5.04 

10° G 3.46 4.60 

20° C 3.42 4.56 

30° C. — 4.57 

40° G 3.38 4.64 

50° G • 3.31 — 

65° -G — 4.68 



(a) Cured 307307° F. with following recfee: 

Rubber, 100; Stearic Acid, 1; Age Rite Stalite, 2; Zinc Oxide, 3; Sulfur, 1.5; 
Tetxamethykbiurani Disulfide, 0.1; Benzothiazyl Sulfide, 1. 

(b) Cured 20'/280° F. with following redpe: 

Rubber, 100; Sulfur, 2; Tetramethylthiuram Disulfide, 1; Benzothiazyl 
Sulfide, 1; Zinc Oxide, 5. 
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Tbe above data in Table X shows that 
chlorinated polyethylene is stiffer (higher K) 
and has a higher internal viscosity (rff) than 
natural rubber. However, whereas the *ff of 

5 natural rubber decreases with increasing tem- 
perature, the of chlorinated polyethylene 
reaches a minimum and then rises with in- 
creasing temperature. Within the temperature 
range 10° to 50° C the chlorinated poly- 

10 ethylene has a lower relative damp (which 
means a higher resilience) than* natural rubber. 
The hysteresis properties of chlorinated poly- 
ethylene are poorer than those of natural rubber 
by virtue of the higher internal viscosity (i?f). 

15 Thus, this example further illustrates the 
unusual dynamic properties of chlorinated 
polyethjdenes prepared according to the pro- 
cess of mis invention. 
WHAT WE CLAIM IS : — 

20 1. The process for preparing an ekstomeric 
halogenated polyethylene comprising the steps 
of (1) dissolving polyethylene in an men 
aromatic diluent, (2) introducing a halogenat- 
ing agent consisting of or containing chlorine 

25 or bromine, into the resultant solution at a 
temperature in tte range 60 — 170° C to pro- 
duce a halogenated polyethylene, containing 
from 25 to 65 wt. % of halogen, and having 
sufficient unsaturation to be cured by sulfur, 

30 and sufficient halogen so that there is sub- 
stantially no residual crystallinity, 

2, The process of claim 1 wherein the halo- 
gcnating agent is a brominating agent and 



the resulting brom mated polyethylene con- 
tains from 40 to 60 wt. % of bromdne. 35 

3. The process of claim 1 wherein the halo- 
genating agent is a cUorinathrg agent, and 
the resulting chlorinated polyethylene contains 
from 27 to 35 wt % of chlorine. 

4. The process of any of claims 1 to 3 40 
wherein the unsaturation is in tbe range of 

1.0 to 3.0 mole % 3 calculated as described 
in relation to Tabfe I. 

5. The process of any of claims 1 to 4 
wherein the halogenation- is carried out at a 45 
temperature of from 70 to 120° C 

6. The process of any of claims 1 to 5 
wherein the aromatic diluent is benzene, a 
chlorobeazene or a polychlorobenzene. 

7. The process of claim 1 or any* of claims 50 
3 to 6 wherein the fcalogenating agent is di- 
chlorodimethyl hydantoin. 

8. The process of claims 1 or 2 or any of 
cfo'tns 4 to 6 wherein the halogenating agent 

is N-bromo suconimide. _ 55 

9. The process of preparing an elastomeric 
halogenated polyethylene as claimed in claim 
1, substantially as hereinbefore described in 
the Examples. 

10. An elastomeric chlorinated or brominated 60 
polyethylene when prepared according to a 
process claimed in any of claims 1 to 9. 

K. J. VERYARD, 

50 Stratton Street, London, W*l> 
Agent for the Applicants. 
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